We study effects of the mean field in hot compressed nuclear matter in the context of the Vlasov Uehling-Uhlenbeck theory. The expansion of a spherical distribution at different temperatures is studied along with collisions of Nb+Nb and Au+Au at lab energies from 50 to 1050 MeV/nucleon. In both the expansion and the actual heavy ion collision simulation, a transition behavior is Seen only at the lowest temperature ( T < 10 MeV) or bombarding energy (E=50 MeV/nucleon), where the attractive part of the mean field is able to bind the expanding matter. At the lowest energy one thus sees the formation of a central residue, whereas at higher bombarding energies there is complete disintegration of the centrally colliding nuclei. The spectrum of emitted nucleons is found to be much hotter than the kinetic energy spectrum of the central emitting region. The extracted temperature slope parameters are in agreement with recent data.
The idea of a liquid gas phase transition in nuclear physics has been discussed by many authors, both theoretically and experimentally. The models used include hydrodynamic and thermodynamicl-6 applications of the Fisher drop model,' a field theoretic model,' and percolation t h e~r~.~ Nuclear matter, like a van der Waals gas, consists of particles interacting with repulsive cores and long range attractive forces. The nature of the nuclear force as revealed in nucleon-nucleon scattering is rather complex. T o study the many body system one thus makes approximations such as that of the nuclear fluid. In the fluid dynamic model, the pressure-density diagram ( T =const) of infinite nuclear matter exhibits the maximum-minimum structure typical for matter with long range attraction and short range repulsion.2 The nuclear equation of state exhibits a critical point at p, =0.4 p, and T, = 18 MeV, depending on the type of interactions assumed and on the details of the model. The critical temperature is lower with a softer equation of state.14 Phase transitions only rigorously occur in this thermodynamic limit with an infinite number of particles. The finite system may have a critical neighborhood rather than a critical For example, the finite system specific heat has a large peak at T, whereas the infinite system has a sharp singularity." The critical temperature and density are also lowered in the finite size system: the inclusion of Coulomb and surface effects is expected to lower the critical temperature.10
Physically, in a nucleus-nucleus collision, a high density and temperature interaction Zone is formed in central events. The expansion of this hot matter can lead to lower densities and possibly a liquid gas phase transition.
The study of fragment yields thus offers the possibility of studying the nuclear equation of state a t higher temperatures and lower densities than the ground state. The usual first order phase transition (a discontinuous change in one or more of the first derivatives of the relevant thermodynamic potentials) requires slow enough processes for there to be equilibrium across a phase boundary. This is distinct from the fragmentation induced by ultrarelativistic where the density does not vary much from the ground state density.
The task of observing and understanding such a phase transition is not clear cut. For example, if the temperature of a decidedly macroscopic substance-like water is lowered, then it may be advantageous for clusters of molecules to combine into droplets and for the droplets to combine further. A macroscopic droplet then represents the liquid phase and the critical point is where the differences between the two distinct phases vanish.' However, for the nuclear world, this distinction between microscopic and macroscopic does not exist so clearly. We do not yet know if it makes sense to speak of a nuclear gas and liquid and the formation of droplets for a relatively small number of quantum mechanical nucleons. It is thus a challenging experimental task to find unambiguous signatures of such a nuclear phase transition.
Experimentally, it was first proposed that in analogy to the Fisher liquid drop model,' there might be a critical exponent T which could be extracted from the fragment distributions.13-l 5 Recall the theoretical reason for such a critical exponent. The probability for the formation of an A cluster in the Fisher model depends exponentially on the cluster Helmholtz free energy F A and on the chemical potential
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